
1 D e f i n i t i o n  
 
1. IncomingFrame :                     a  p a ck e t f r a m e  w h i ch  a r r i v e s a t a  co n g e sti o n  n o d e  o r  a t i ts 

d e sti n a ti o n . 
2 . IncomingFrame. f l ow id :         a n  i n co m i n g  f r a m e  ca n  b e  ta g g e d  w i th  th e  f i e l d  o f  i ts f l o w  

i d . 
3 . IncomingFrame. D E :              a n  i n co m i n g  f r a m e  i s a ssu m e d  to  b e  ta g g e d  w i th  a  D i sca r d  

E l i g i b l e  (D E ) b i t w h i ch  i s i n i ti a l i z e d  to  0; i n te r m e d i a te  
co n g e sti o n  p o i n ts i n  th e  p a th  o f  th i s   f r a m e  ca n  m o d i f y  th e  
f i e l d . 

4 . R L [ * ] :                                     a  se t o f  r a te  l i m i te r s. 
5 . R L [ i] . s t at e:                             sta te  o f  th e  r a te  l i m i te r  i :  a cti v e  o r  i n a cti v e . 
6 . R L [ i] . f l ow id :                          th e  f l o w  i d  th a t i s a sso ci a te d  w i th  th e  r a te  l i m i te r  i. 
7 . R L [ i] . crat e:                            th e  cu r r e n t r a te  o f  th e  r a te  l i m i te r  i. 
8 . R L [ i] . t rat e:                            th e  ta r g e t r a te  o f  th e  r a te  l i m i te r  i. 
9 . R L [ i] . t x_b cou nt :                    n u m b e r  o f  b y te s se n t si n ce  th e  l a st n e g a ti v e  f e e d b a ck  f r a m e  

(F b  < 0). 
10. R L [ i] . s i_cou nt :                       th e  sta g e  o f  th e  b y te  co u n te r  th a t th e  r a te  l i m i te r , i ,  i s i n . 
11. R L [ i] . t imer:                            th e  ti m e r  o f  th e  r a te  l i m i te r  
12 . R L [ i] . t imer_s cou nt :               th e  sta g e  o f  th e  ti m e r  th a t th e  r a te  l i m i te r , i ,  i s i n . 
13 . R L [ i] . q l en:                              th e  q u e u e  l e n g th  o f  th e  r a te  l i m i te r  q u e u e  
14 . rl id x:     i n d e x  o f  a  r a te  l i m i te r . 
15 . FB Frame:                               a  f e e d b a ck  co n tr o l  f r a m e  w h i ch  se n d s th e  co n g e sti o n  

i n f o r m a ti o n ,  F b ,  b a ck  to  th e  tr a f f i c so u r ce ; th i s p a ck e t 
f r a m e  ca n  b e  se n t e i th e r  f r o m  a n y   i n te r m e d i a te  r e f l e cti o n  
p o i n t. 

16 . FB Frame. SA:                         th e  so u r ce  M A C a d d r e ss o f  th e  f e e d b a ck  co n tr o l  f r a m e . 
17 . FB Frame. D A :                        th e  d e sti n a ti o n  M A C a d d r e ss o f  th e  f e e d b a ck  co n tr o l  f r a m e . 
18 . FB Frame. f l ow id :                   th e  f l o w  i d  o f  th e  f e e d b a ck  co n tr o l  f r a m e . 
19 . FB Frame. f b :                          th e  co n g e sti o n  co n tr o l  i n f o r m a ti o n ,  F b ,  o f  th e  f e e d b a ck  

co n tr o l  f r a m e . 
2 0. min_d ec_f act or:                    th e  m i n i m u m  d e cr e a se  f a cto r ,  a  si n g l e  ste p  o f  d e cr e a se  

sh o u l d  n o t e x ce e d  th i s v a l u e . 
2 1. q l en :     cu r r e n t q u e u e  l e n g th  (i n  p a g e s). i n cr e m e n te d  u p o n  p a ck e t 

a r r i v a l s a n d  d e cr e m e n te d  u p o n  p a ck e t d e p a r tu r e s. 
2 2 . q l en_ol d :    q u e u e  l e n g th  (i n  p a g e s) a t l a st sa m p l e . 
2 3 . Fb :                                          f e e d b a ck  v a l u e  w h i ch  i n d i ca te s th e  l e v e l  o f  co n g e sti o n . 
2 4 . q nt z _Fb :                                 q u a n ti z e d  n e g a ti v e  F b  (-F b ) v a l u e . 
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QCN Reaction Point: 
 

1. init ial iz e() 
2 . { 
3 .         //*  in d ic a t e s  a l l  r a t e  l im it e r s  
4 .         R L [ *].sta te  =  I N A CT I V E ; 
5 .         R L [ *].f l o w i d  =  −1; 
6 .         R L [ *].cr a te  =  C; 
7 .         R L [ *].tr a te  =  C; 
8 .         R L [ *].tx _b co u n t =  0; 
9 .         R L [ *].si _co u n t =  0; 
10.         R L [ *].ti m e r _co u n t =  0; 
11. } 
12 .  
13 . f oreach  (F BF r a m e )  
14 . { 
15 .            //o b t a in  t h e  r a t e  l im it e r  in d e x  t h a t  is  a s s o c ia t e d  w it h  a  fl o w id  
16 .            //if n o  m a t c h , r e t u r n  t h e  in d e x  o f t h e  n e x t  a v a il a b l e  r a t e  l im it e r  
17 .            r l i d x  =  g e t_r a te _l i m i te r _i n d e x (F BF r a m e .f l o w i d ); 

 
18 .            if  (R L [ r l i d x ].sta te  =  =  I N A CTI V E) t h en 
19 .                    if  (F BF r a m e .f b  ! =  0) t h en 
2 0.                            //in it ia l iz e  n e w  r a t e  l im it e r   
2 1.                            R L [ r l i d x ].sta te  =  A CTI V E; 
2 2 .                            R L [ r l i d x ].f l o w i d  =  F BF r a m e .f l o w i d ; 
2 3 .                            R L [ r l i d x ].cr a te  =  C; 
2 4 .                            R L [ r l i d x ].tr a te  =  C; 
2 5 .                            R L [ r l i d x ].si _co u n t =  0; 
2 6 .                    el s e 
2 7 .                             //ig n o r e  F B F r a m e  
2 8 .                             ret u rn; 
2 9 .                   end if  
3 0.            end if  
3 1.  



3 2 .            if  (F BF r a m e .f b  ! =  0) t h en 
3 3 .  
3 4 .                  // u s e  t h e  c u r r e n t  r a t e  a s  t h e  n e x t  t a r g e t  r a t e . 
3 5 .                  // h o w e v e r  u n d e r  E X T R A _ F A S T _ R E CO V E R Y   m o d e :   
3 6 .                  // in  t h e  fir s t  c y c l e  o f fa s t  r e c o v e r y ,  
3 7 .                  // t h e  F b  <  0   s ig n a l  w o u l d  n o t  r e s e t  t h e  t a r g e t  r a t e .  
3 8 .                  if  (E X T R A _F A S T _R E CO V E R Y  ! =  T R U E   
3 9 .                       | |  R L [ r l i d x ].si _co u n t !  =  0) t h en 
4 0.                           R L [ r l i d x ].tr a te  =  R L [ r l i d x ].cr a te ; 
4 1.                           R L [ r l i d x ].tx _b co u n t =  0; 
4 2 .                  end if  
4 3 .           
4 4 .                  / /  s e t  t h e  s t a g e  c o u n t e r  
4 5 .                  R L [ r l i d x ].si _co u n t =  0; 
4 6 .                  R L [ r l i d x ].ti m e r _sco u n t =  0; 
4 7 .  
4 8 .                   
4 9 .                  / /  u p d a t e  t h e  c u r r e n t  r a t e , m u l t ip l ic a t iv e  d e c r e a s e  
5 0.                   d e c_f a cto r  =  (1 − G D * F BF r a m e .f b ); 
5 1.                   if  (d e c_f a cto r  < m i n _d e c_f a cto r ) t h en  
5 2 .                           d e c_f a cto r  =  m i n _d e c_f a cto r ; 
5 3 .                   end if  
5 4 .                   R L [ r l i d x ].cr a te  =  R L [ r l i d x ].cr a te  * (1 − d e c_f a cto r ); 
5 5 .                   if  (R L [ r l i d x ].cr a te  < M I N _ R A TE) t h en 
5 6 .                           R L [ r l i d x ].cr a te  =  M I N _ R A TE; 
5 7 .                   end if                   
5 8 .  
5 9 .                   //r e s e t  t h e  t im e r  
6 0.                   se t_ti m e r (r l i d x ,  TI M ER _ P ER I O D);  
6 1.          end if  
6 2 . } 

 
6 3 . se l f _i n cr e a se (r l i d x )  
6 4 . { 
6 5 .           to _co u n t =  m i n i m u m (R L [ r l i d x ].si _co u n t,  R L [ r l i d x ].ti m e r _sco u n t); 
6 6 .            
6 7 .           / /  if in  t h e  a c t iv e  p r o b in g  s t a g e s , in c r e a s e  t h e  t a r g e t  r a t e  
6 8 .           if  (R L [ r l i d x ].si _co u n t > F A ST_ R ECO V ER Y _ TH  | |   
6 9 .                R L [ r l i d x ].ti m e r _sco u n t > F A ST_ R ECO V ER Y _ TH ) t h en 
7 0.                   if  (R L [ r l i d x ].si _co u n t > F A ST_ R ECO V ER Y _ TH  & &  
7 1.                        R L [ r l i d x ].ti m e r _sco u n t > F A ST_ R ECO V ER Y _ TH ) t h en 
7 2 .                           //h y p e r a c t iv e  in c r e a s e  
7 3 .                           R i  =  B * (to _co u n t − F A ST_ R ECO V ER Y _ TH ); 
7 4 .                   el s e 
7 5 .                           //a c t iv e  in c r e a s e  
7 6 .                           R i  =  A ; 
7 7 .                   end if  
7 8 .           el s e 



7 9 .                           R i  =  0; 
8 0.           end if  
8 1.            
8 2 .            
8 3 .  
8 4 .           / / a t th e  e n d  o f  th e  f i r st cy cl e  o f  r e co v e r y  
8 5 .           if  (EX TR _ F A ST_ R ECO V ER Y   & &  R L [ r l i d x ].si _co u n t = =  1 & &   
8 6 .               R L [ r l i d x ].tr a te  > 10* R L [ r l i d x ].cr a te ) t h en           
8 7 .                           R L [ r l i d x ].tr a te  =  R L [ r l i d x ].tr a te / 8 ; 
8 8 .           e l se  
8 9 .                           R L [ r l i d x ].tr a te  =  R L [ r l i d x ].tr a te  + R i ; 
9 0.  
9 1.           R L [ r l i d x ].cr a te  =  (R L [ r l i d x ].tr a te  + R L [ r l i d x ].cr a te )/ 2 ; 
9 2 .            
9 3 .           //s a t u r a t e  r a t e  a t  C 
9 4 .           if  (R L [ r l i d x ].cr a te  > C) t h en 
9 5 .                     R L [ r l i d x ].cr a te  =  C; 
9 6 .           end if  
9 7 . } 
9 8 .  
9 9 . f oreach  (T r a n sm i t F r a m e ))  
100. { 
101.           //r e l e a s e  t h e  r a t e  l im it e r  w h e n  it s  r a t e  h a s  r e a c h e d  C 
102 .           //a n d  it s  a s s o c ia t e d  q u e u e  is  e m p t y  
103 .           if  ( R L [ r l i d x ].r a te  =  =  C & &  R L [ r l i d x ].q l e n  =  =  0) t h en 
104 .                R L [ r l i d x ].sta te  =  I N A CTI V E; 
105 .                R L [ r l i d x ].f l o w i d  =  −1; 
106 .                R L [ r l i d x ].cr a te  =  C; 
107 .                R L [ r l i d x ].tr a te  =  C; 
108 .                R L [ r l i d x ].tx _b co u n t =  0; 
109 .                R L [ r l i d x ].si _co u n t =  0; 
110.                R L [ r l i d x ].ti m e r  =  I N A CTI V E;  
111.           el s e  
112 .                   R L [ r l i d x ].tx _b co u n t +=  l e n g th (T r a n sm i t F r a m e ); 
113 .                   //if a  n e g a t iv e  F B fr a m e  h a s  n o t  b e e n  r e c e iv e d  a ft e r  t r a n s m it t in g  
114 .                   // T O _ T H R E S H  b y t e s , t r ig g e r  s e l f_ in c r e a s e  
115 .                  if  (R L [ r l i d x ].si _b co u n t < F A ST_ R ECO V ER Y _ TH ) t h en 
116 .                           e x p i r e _th r e sh  =  TO _ TH R ESH ; 
117 .                 el s e 
118 .                           e x p i r e _th r e sh  =  TO _ TH R ESH / 2 ;           
119 .                  end if  
12 0.                  if  (R L [ r l i d x ].tx _b co u n t > e x p i r e _th r e sh ) t h en 
12 1.                           R L [ r l i d x ].si _co u n t++; 
12 2 .                           R L [ r l i d x ].tx _b co u n t =  0; 
12 3 .                           se l f _i n cr e a se (r l i d x ); 
12 4 .                  end if  
12 5 .           end if  
12 6 . } 



 
 
 

12 7 . /*   T im e r s  * / 
12 8 . ti m e r _e x p i r e d (r l i d x ) 
12 9 . { 
13 0.           if  ( R L [ r l i d x ].sta te  =  =  A CTI V E ) t h en 
13 1.                   R L [ r l i d x ].ti m e r _sco u n t++;; 
13 2 .                   se l f _i n cr e a se (r l i d x ); 
13 3 .  
13 4 .                   //r e s e t  t h e   t im e r  
13 5 .                    
13 6 .                   if  (R L [ r l i d x ].ti m e r _sco u n t < F A ST_ R ECO V ER Y _ TH ) t h en 
13 7 .                             e x p i r e _p e r i o d  =  TO _ TH R ESH ;           
13 8 .                   el s e 
13 9 .                             e x p i r e _p e r i o d  =  TO _ TH R ESH / 2 ; 
14 0.                   end if            
14 1.                   se t _ti m e r (r l i d x ,  e x p i r e _p e r i o d );            
14 2 .  
14 3 .           end if  
14 4 . } 



 
QCN Cong es tion Point: 
 
14 5 . init ial iz e() 
14 6 . { 
14 7 .     q l e n  =  0; 
14 8 .           q l e n _o l d  =  0; 
14 9 . } 
15 0.  
15 1. f oreach  (I n co m i n g F r a m e )  
15 2 . { 
15 3 .           //c a l c u l a t e  F b  v a l u e  
15 4 .          F b  =  ( Q _ EQ  − q l e n ) − W * (q l e n  − q l e n _o l d ); 
15 5 .          if  (F b  < −Q _ EQ  * (2  * W + 1)) t h en 
15 6 .                 F b  =  − Q _ EQ  * (2  * W + 1); 
15 7 .          el s eif  (F b  > 0) t h en 
15 8 .                  F b  =  0; 
15 9 .          end if             
16 0.  
16 1.          //t h e  m a x im u m  v a l u e  o f  −F b  d e t e r m in e s  t h e  n u m b e r  o f b it s  t h a t  F b  u s e s . 
16 2 .          //u n ifo r m  q u a n t iz a t io n  o f −F b , q n t z _ F b , u s e s  m o s t  s ig n ific a n t  b it s  o f –F b . 
16 3 .          //n o t e  t h a t  n o w  q n t z _ F b  h a s  p o s it iv e  v a l u e s . 
16 4 .          q n tz _F b  =  −F b (m o st si g n i f i ca n t b i ts); 
16 5 .  
16 6 .          //s a m p l in g  p r o b a b il it y  is  a  fu n c t io n  o f F b  
16 7 .          g e n e r a te _f b _f r a m e  =  0; 
16 8 .          if  (u r a n d () < (B A SE_ P R O B A B I L I TY  + C * q n tz _F b )) t h en  
16 9 .                    //g e n e r a t e  a  fe e d b a c k  fr a m e  if F b  is  n e g a t iv e  
17 0.                    if  (F b  < 0) t h en 
17 1.                            g e n e r a te _f b _f r a m e  =  1; 
17 2 .                    end if  
17 3 .                    q l e n _o l d  =  q l e n ; 
17 4 .          end if  
17 5 .  
17 6 .          //s e t  D E  b it  if F b  is  n e g a t iv e  
17 7 .           if  (F b  < 0) t h en 
17 8 .                   I n co m i n g F r a m e .D E  =  1; 
17 9 .         end if  
18 0.  
18 1.         if  (g e n e r a te _f b _f r a m e ) t h en 
18 2 .                   F BF r a m e .D A  =  I n co m i n g F r a m e .S A ; 
18 3 .                   F BF r a m e .S A  =  SWI TCH _ M A C_ A DDR ESS; 
18 4 .                       F BF r a m e .f l o w i d  =  I n co m i n g F r a m e .f l o w i d ; 
18 5 .                       F BF r a m e .f b  =  q n tz _F b ; 
18 6 .                   f o r w a r d (F BF r a m e ); 
18 7 .         end if  
18 8 . } 



        
 
 
 
 
 


